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ABSTRACT: 

A power MOSFET die and a logic and protection circuit die are mounted on a common lead 
frame pad, such as a TO220 lead frame pad. The logic and protection circuit die includes a 
MOSFET that is connected in parallel with the power MOSFET but which is smaller than the 
power MOSFET and which dissipates power at a predetermined fraction of that of the power 
MOSFET. The logic and protection circuit die also includes a temperature sensor that is in close 
proximity to the MOSFET and determines the temperature of the MOSFET. The die also includes 
another temperature sensor that is located distant from the MOSFET to determine the 
temperature of the lead frame. The temperature of the power MOSFET can be determined from 
the temperature measured by these two sensors and from the ratio of the power dissipated by 
the two MOSFETs. 
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1 . Tit l( oi tie Invention 
HYBRID PACKAGt INCITING A POT* 
IOSFET DIE AND A CONTROL AND 

fSOTECTION C! KCU IT Bit WITS A SMALLER SE.NSE MOSFET 

2 . Claias 

1. A seirticcniic tci device contained ie a pa c ta g e slid includes a cca 
dtcttve lead (rise having j main pad area acd; an insilaticn resin cnclo 
sare; said sesnitcnioctGi device comprising: 

a first Etmi ccaduct c I die bating eppesiag surfaces wl i c h ccntaia res 
pecti't electrodes and ccrcpi i s ing s first Semi cotdu c 1 1 r ieeice; 

a set cad sennecsdictcr die having uppesieg strhces at feast cae cl 
tticli contains at least cne electrode, aod contaitiag in cm pcrtiet the 

i co f a Etcotd feaiccuioctor device suing a thermal respcnse ccrmpoodi 
ig tc tbat cf said first seal cg dc" uc t o r device, 

a first taersai senser arranged ct said secctd die at a pcsilici adj 
aceEt tc said secend seiniccfidec ttr depict , 

a second tiermal seascr ataanged cc said seccnn die ai a pcsllien too 
re distaEt Iron said stetEd semiconductor device then said first ibeiaja! 
sensor; 

cdc cf said eppesisg surfaces qf citb of said first and second sccic 
ondecter die faeisg disposed atop sail it taeraal contact viifc said soiia p 

ii area and being laterally spiced from oat aoetaer, at leaEi said out v 
ppcsiog sarface of said first scnicondtcUt die being in electrical coal 
act wiib said main Fad area; 

the opposite «nts cf saii opposing s u ! face? cf said first ud secOid 
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dit be i fig electrically cc-caccled to each other s e c fc t i a t slid first and 
$ e c o n ti scEUoodtctor dericts are connected in parallel. 

2. Tie device c f claim 1. wlertit said strn condsc to i die art MOS sate 
d scmiccDdBClci de?ices. 

3. The dttite cf chin 1 therein faid first sctsitcfldiictor die is a fi 
r e t MOSFET having a sotrtc electrode aid a sate electrode disposed i « sa 
id opposite cue cf said opposing striates, and therein the sirface of sa 
id first die tlal is in ccolacl wilt said naio pad area is a drain elect 
i ede . 

4. The device c f claim 3 viicrcio saic second seni ccudncic! die is a s 
ec csd MOSFET having a secret electrode, a draii electrode and 3 fate clc 
EEredt; at least said source and said gate e 1 e c t t eds s beiae. disposed in 
said opposite cae cl said opposing striates; said scarce electrode of Sa 
id second M05FET tciig cocnccicd U said ecu rce electrode cf said first 
MOSFET and said gate electrode cf said sccsnc HOSFET beifl? ccn&ecied to 
said gate electrode cf said first MOSFET. 

5. The defice ci claim 1 rhereis said pattaje is a rO220 device packs 
St. 

6. The derice cf claim 1 vLcrtia Saii first and second ihcirea! sector 
s are each comprised of ai least one pc I ?s i I i con diode. 

7. The derice cf claim 1 »bercio said first and secosd tbcinu! Sensor 
s are each comprised of a respective fhrality cf series cconectcd pel?; 
iliccn diodes. 
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8. The device of claim ] Herein said first thermal sensor is dispose 
i in a ifeocb fcrrud »ithin said second die. 

3, Tht device of chin ! < r e i a said first thermal setsci senses tbt 
tcmpetalore of sail sccctrl die . 

JO. The device of clain I uicrtii said seco«d llrermal sessor senses I 
it temperate:: o I said n i i n pad uci. 

11. The device of claim I fa ere in said secend semicondictoi die ice is 
ics an t s p b t termini I . 

12. The device of claira 1! sbeiein said second semi cend ut t b r die iccl 
irjci a drive: circuit fcr t e r a i og gc aid eff said first aid sttend static 
ondtcicr die as a feset ion of at n input sijnil supplied tc said input ter 
ni na 1 . 

13. The defiet of claim 12 wh e x c i n said second seniccndticLor die fort 
her cirtaprises a logic circuit f c i dciermiaiog {he t cmpc r a i o r c cf said fi 
rst scroitcoiicicr device f i cm lirst and second tempera t tire fa lies meassr 
ed bj said first aoi sec coil thermal sec sou, respectively, and fcr sapji 
fine s coatroi sijrjsl lc said dr her eticitt as a facet ice of the detcrrc 
iocs' icapeiataic el said first seaicondector die. 

1 i . The device cf claim ! ultitln the pever difsipated br said setcoi 
seaiiccodiiCtcr dcticc is less trial that cf Said first sera i cendsc t c r devi 
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15. A semiconductor Atiitt ccnprisiig: 

a conductive lead I rinse bafitg a main pad art; mi a pltialitT of pi 
se thai lit s u !>a r a l c d I rem cue atieticr, Slid nsaio pad arts beiig eltctri 
tall? ccopled to at lei Et c»( if said platality sf pins; 

s f a" r e t senicfslicUT die taring opposing est f ac?s which coEiain res 
ptctivt electrodes isd containing; i first sctsicc-ninctcr device; 

a steend setstccaductcr die hnog opposing surfaces at leas! cic cf 
stick ccataiis !t least cue electrode aid comprising a scccni scButoaduc 
ttr device having a tieraiai rc = pen? e co i r es pood i ae u ibat cf Slid first 
semicondEttcr do ice. a first thermal scissor arrasjred cr. said second di 
c at least adjacent U said sectni straicciiioctor dt ri ec r a 6 d i secend tb 
craai stnscr arraaged on said second die distant f r e» said second senicc 
sdtcur deuce; 

one of said opposing sarfaccs cf eacfc cf said first and second Strait 
cadactcr die being disposed atcp and in thermal contact ?itfe said mil p 
id area and heiog lateral It spaced iron one aoctaer, at least Said one o 
pposiag sorfaee cf said first semiconductor die beiag in electrical teat 
act ?ith said u a in pad area; 

tbe eppesite ones cf said opposing Eat faces cf said first and sstocd 
die being electrictli? connected tc respective ones of said pins arid tc 
cacb otter sncb that said first and second semiceodictcr devices art cc 
meet ed is parallel; aid 

a added housing ft; encapsulating said lead frame and aii Mist as 
i second iic and said beniiug sites; 

said pins extending beyond in eitcraal boundary cf said meided housi 
og and available fcr enema! connection. 

IS, The device cf ciaic 15, *heteit raid semi coadoc t cr iic ai least i 
Delude respettire MOS filed s csi cood oc t ( r itvicts. 
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Vt . Vie device cf claire 15 Tsrlereic said first MOS rated scsiccndittcr 
device is a first MOSFET having a soiree clectre-de aid a fate electrode 
difptfed is said opposite cit of said oppaslog torlaccs. mi nhtrcin Id 
f Ssrfacc of said first die is it cot act *ilh Said an in pid irca i; !ai 
d drain electrode; said snare t elect rede of said first I40SFET being ceisc 
ecus' to a respective etc sf said pins. 

15. Tic dcrice of claia 17 whertio said second MOS gated senicciiduclo 
i device iaclidcs a steoad 3IOSFET having a soticc tlcctredc. i inie (it 
ctrcde aad a sate electrode; at least said scircc aid said gale cleared 
cs beisg disposed it laid opposite eric cl said eppesieg sctfacc;; Slid E 
curce electiode cf said secofid MOSFET he i Dg ccstecied tc said settee elt 
ctrcde cf said first MOSFET aad said (ate electrode cl Slid StCOad MOSFE 
T bsiig ccatectcd to said gate electrcde cl said first MOSFET. 

IS. Tie device cl claia 15 wherein said pliralitj cf piai includes at 
least cac first pie that is integral with and eaitsdi horn as edjt cf s 
aid mis pad area, acd at least two second pics tfcit arc separated 1 F c m 
said naia pad area. 

20. Vie device cl claim 19 wherein said sccccs pioS are disposed alec 
g fa id edge cf said main pad area that contains said first fit. 

21. The device of claim 20 whereto Said ntlici becsing ccasprises a 10 
220 device package. 

21. The device ol claim 19 wherein at least cec cl said Seccod pics i 
s electrically connected to said firs! seai csEduc is i die sad another cf 
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said second pits is tieclricillj censecsed tt said second seinicCDdtclc r 
die- 



23. The device cf chin 1! 


wit re i i s a 


i seccsd seniccndicic r die iacl 


odes 3 e iipal i ( i m i o 1 1 t lr a i i 




ly ccnEcctfi tc a respective ga 


c cf Slid pins. 






21. The device cf chin 23 




d second srnictndictcr die iitl 


Biles a drivel c i r c i i t f«r I sf 


tig so and 


eff Esid first and second semic 


Oidoctoi i\t as 3 IoiecI i ca cf 


aa iipu s 


goal supplied tc said hpEt let 


mi b a 1 . 

25. The device cf chin 21 


sscicifi S! 


i seccsid sesticondsctcr die fcrt 


tie i c cmp rises a logic t. i t ci i i 


f c x Jeter it 


niig tiie tenperatare of said (i 


r!t JCfflicctdictcr die f i uta fiist aad secc 


lid teaperjtare Tallies mcaiarcd 


tr slid first asd second tlcrtsal. sensors 


respective!?, and for supplfin 


l> i centre! Eigial to said df 


vei tircui 


as i fincticn cf the determine 


d Unpen tire of s.jifl first s 


tniceiduclo 


die. 


16. A i eteerited cticcii d 


vice feme: 


h a scTniCRfidiittcr die Living 


opposing ei rf ices il lesst no 


cf vtich ( 


catains ai least cic elect Jode, 


said integrated cijciii d e 5 i 


e ccajjrhit 


ff '• 


it MOS ga red siMaiccodscU 


device: 




a first taenia! scnEer tf 


a rsyed 05 si 


id S ere i ccodoct cr die adjacent t 


o Eiid SOS patcd senicendue u 


ilt * i ce fc 


sensing tie fcjipcratirc o.t s a i 


d _M05 gittd sensi conductor dc? 


ct; aad 




3 secctd tbcrsi)! seascr a 


ranged en c 


sic e eosi coadec t s i die distant I 


rom said JiOS ffateii scmiccoditc 


cr dcTice 


cr sessiag the ttnperitue of a 


Esbstrate on which said semi 


cflductci d 


t is KCiioted. 
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27. The device of claim 26 wherein said MOS gated sent ccniisct c i jSctic 
c is i MQSFET navies a stiirce electrode, a drain electrode and a gate cl 
ecSrsdc; il I e a 1 1 said scnrcc electicde and said Bate cleclrcie tf said 
.U9SFET being formed is cne cl said eppeshg surfaces el 'aid £ csm cci d a c t 
ci dit . 

28. Tic defict »l dais 26 Trheieii) tiid first and s-eccsd therms! sens 
s r s are eacl comprised cf at least tot pelysilico* diede. 

28, Tic c-CTicc o( claia 26 Therein first and secend thtraal Etosei s a 
le each ccsjpiisci of i respective phrilitf of series ccmectcd pclvsiii 
tea diodes . 

30. Tie device ol claia IE therein saii first tlreraal Jester is dispt 
Scd in a trench [orraed sithsE said MOS gated s emt c cadn c t c r device. 

31. Tbe deuce cf claia H stereit said oac surface cf E a i d setnictnid* 
ctcf die includes an iipst tcrainal. 

32. The device cf claim 31 therein said scmicflcductci die includes a 
driftr circuit for ttrein£ ci and cfl at least said MOS gated 5 ems c en due 
tci derice as a fiacticn cf an input sijnal supplied tc Said input terms 

Ml. 

33. The device cf claim 32 ftrtler ctnpr i s i nr a logic ciretit ffr det 
eraintg the ternperatcrc cf a lencteiy pesiticned second MOS gated S era I c 
ctdoctci device from first and se.cctd Uniperitcre values neasared hj sa 
id first and sc ccfid thermal sensorr. respect i rely- and fcr soppljiag i c 
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entrcl sijoai to said driver circtit as a function cf the ictcrmi Ded t e ai 
ptrature cf said futfcci H05 gated seniconductor device; said MOS gated 
device and said teacte!; pcsEtioacd stceod M.OS gated s eai i ccsd a c 1 c r ievic 
f fee a n e mounted ct s ttmmt IfccntaUy cendect 1 v« silstrate. 



•U. A method c{ determining the tenpe: 
device arrangtd ia i device package cciap. 
bav i G£ a sain pad 3rea: said method com 

arranging, cn said Dais pad area, a 
pposing serlaces *fcicfc ccntatn respect i ? 
id opposing fir faces cf said first scaic 
d is in electrical and thermal cent act * 
st stsii csndattoi die comprising Said lit 

irrmjiaj. cn said nail pad area, a 
opposing surfaces at least cat cf «=1 i C ii 
soth that one cf said eppcting stsifaccs 
is disposed atcp ice is ia tkermgl cost 
is spaced f r cm said first scmicssdnUr 
ie comprising a set end stmiccEdacur its 
responding tc that cf said first scihkc 
scsscr arranged to said second die at ic 
COidsctor device, and a second tbema! s 
e distant from said sec end MOS gated seoi 

electrically connecting the opposite 
cf Slid first and secend die tc eacfj oth 
ad semi cendoc t o r devices are cccEected i 

i 1 1 ernsi n i ig , osing said first taerrsa 
1st representing the tenjeratufc of said' 
deiice; 



aim cf i first stirti coidae U r 
ised of a ecuductite lead frame 
rising i ht steps cf : 
irsi semicosdncicr die h a f i e g c 

electrodes Socfe tiat cne cf sa 
udticler die is disposed amp an 
tli said main pad area, said fir 
t seraicondici or device: and 
ccend seiniccadnc tor die iaviog 
oitains at least cte electicde 
f said seccsd semiecnduc tor die 
c t with said ma i a pad area and 
ie; said seccid ! en i cc nd ic i c r d 
ce having a tierreal response cc 
doc t cr a t-i i ct , a first thermal 
st adjacent to n\i second semi 
nscr ar r aoged cs said second d i 
coedsctor dtrice ; 
ones cf said eppesi tig so i faces 
r <oct> t fe a t said first and sere 

para I ie ! ; 

sensor, a first 1 1 rtp e r a 1 1 r e v a 
second MOS gated scakendtc tor 
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icteiaiciar, csiig said second thermal feasor, i second tenperartrc 
value representing tic 1 caps rat c ft of said E2 i t pid area; aid 

ic UiBi n iog tit teupe r 3 1 ire of siid first MOS gated serai co edat to r de 
vice frcsn said lirst and sector! 1 crape r 1 tu f t ulccs. 

36. The isttocd tf ciain 3f wkereii said semi ccsdnci or device? arc «0S 
fated seificoodici sr dei i C( s. 

36. The sic tried of clain 3i fktrui said first MOS gated s em i ccsd a c t c r 
device is a first MOSFET taring a senrce electrode and a gate electrode 
i i 5 p c s t d is said eppesite cm cf Said tppesing sei faces, a ad Tffccreiis Ih 

t surface cf said first die that is is contact ?itk said cain pad area i 
; said drain electrode. 

37. Toe roethed of claim 35 aicrein said second MOS fated sericoodtctc 
t device is a second MOSFET Sieving a scarce tltcntde, a drain electrode 

and 1 gate ciectrcde; at least said scarce and said gale electrodes bei 
ag disposed ie said opposite cne of said opposing ssriaces; said source 
electrode cf said sccead MOSFET heing cconeeted tc seid sctrcc electrode 

cf said first MOSFET and said file electrcde of said second MOSFET be 5 n 
d connected tc said gate electrode cf said first iSOSFET. 

38. The method cf chirr 34 therein first asd second l I e mi 3 J sensors i 
re each comprised of a respective ploralilj cf series ccontctcd solvsiti 
ccd diodes. 

39. The method of claim 33 shereir; said firsi asd s c c c a d temperature 
ralies are each deieraiined hj the addition cf respective values ietenaio 
ed by each cf said plurality cf series connected diedts. 
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40. The ratthcd cf cti in 34 wSicrcia the payer dissipated bj said stcoi 
d i!OS gated SCEictEdEcter dctice is less Uao tbat of said first MOS git 
ed S time end act or device 

i 1 . The melhsd cf c t a in 34 wicieirs tie po*er dissipated bj nii Sicca 
d MOS gated setiicoidictcr ictict i; approximately cnt-hilf that cf Slid 
first MOS lated seni tead or t o r device- 

42. Tfcc otthtd tf chin 34 atgteii said I esptrat ore cf said first MOS 
fated Eemiccndictcr device is [urttaer determined by the r a 1 1 c cf the pc 
str lissipattd kj said scccad MOS gated deuce and the pever dissipated 
bj slid first M(IS sated detirc. 
3 . Detailed Description of tfcc Imciticn 
BACKGROUND OF TUE INVENT I Oil 

Tie present ioitotien relates to s cm i Cfl odictsr deuces aad. neie spe 
cifUlllj relates So 3 serai ccrtdEctcr dcticc ii wliich ao integrated Scrape 
laimt sensing 2nd centre! die is noattcd in the same hcosing as a MOS | 
aled pGwer seiaicctiioctcr device 

Tte dctcfffiiiiatiGn cf tie tenpcntirc cf t MOS gate c c n I r es 1 led sesricc 
ndlCtOf defice. under transient as »ell as unicr steady stale ccndiiiQDS 
, is iiffklT desiraHc te attain high levels of operational reiiabiliti c 
f the deuce. As jn trample, the device any be shit d est at i preictcru 
ined die ! eiept r a t « r e . Aisc, cvtictrrcot prnttctioi can it at taited as i 
fane lion cf the die temperate! c a»d time. 

rh.o a £ is iCEtm! and protection circuits aaf bt ttterjfattd intc the sa 
me rconcHUit cbip as the fewer deuce to enalle direct tecperatut rncas 
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ufCKfot of lie pover deiict, such jdo n c 1 i t fe i c devices art ccmpiei and t eta 
plicate ti« nai » < i c t tr i »g process cf the discrete sinpltr potef desires. 
Far Utrasre, there is less f ! c x i b i i i i y in the cbcicc ci control fiiBcti 

0 a s t h ! t C!Q be i a i e r. r a ' e ^ * i 1 1 I b c fcftcf d t r i c t . 

it is therefore desirable tc et-package i disoelc pcier s emi rct-d i ci 
or d e * i c e -with a e 4 p a r a t c die Hal iicltde; lie cost r c I a o J piottcticn f 
uDCtloes. Bf jeparatiuf t fee ccetrel aad prctecticc frucliens (rcn the p 
over derice, hesever, the ttnfcuUre seising circutry if acitittd at a 
distaece asa? frci the pesei device tf is actattd *iih the pcircr device 
oa a ccciraco substrate that has i rclativclj high ticrmal resistance. Th 
is separation or tterml resistance presents the teuperatore sensing tir 
Cuitrj fiDti readiir de t e rati a i sg the t tEpc rat u r c ef the peser derice jinc 
lipns. MnreGier, the separation and tbciniil resistance litdci the deter 
miajlico of temperature ssnier transicel cend i 1 i gi s . 

It is thereftrc desirable that temperature sensing eleiieots is the r. 
ontret die ta^e the capability of scctrateh i nd d r nami c a 1 1 j ie t eiinin i ig 

the tenperaiire c-1 ile pnwer device 
SDHXAKT OF TR£ WBSTfOS 

The preset! inrcisneo prcfidcs a pc»tr senictBdtcUr d e t ice that is 
co-pjetajed with a ccstici and UmptnUre sensing (« r Itflic) die *&ick 
is integrated into i snail pcircr die skich is smaller thai the main pa we 

1 die but Trlich hat a therm] response that is the sane sr siitilir to tli 
ai cf the power device. The smaller pew c r device heais tic J C g t C elemeo 
ts by an meant propcrticsai tc the beitisg cf the main peser device. T 
tmpcraiine se&sors are included is the Soulier die to measure the ttapti 
store of the smaller device as we 1 S as that cl the sobstiaic which cs?rri 
es bet I the mails aod smaller die, providing signals to the logic circuit 
s is the sniHii die- 
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In carrying ott the iivtnticn, the 5 tui c end bC 1 0 r dc?t E c £ raaf be ccpa 
c t c d it a tt«»OB i e r i c e package thai is cempriscd c( 3 coodaciive lead f 
unsc slich has a nais pad area and has pis; thai arc separated from each 

oiler. Tlit main pad area is ekciricalb cccpUd it at least cee cl lis 
£ pins. A nclded hotsitg enr apsu i a tes tht lead frame, and the pins tilt 
ni btytisd an citernai betfodar; tt the melded luisiag mi are available I 
Gi e £ t c r d i i coacettico. First and sccesd s cmi ccsd ac 1 1 r die cave oppciio 
g Ssrficct Fhict ccotaie respective electrodes are re o a n i e d co the at it p 
ad. Tb c first seniceodicter die censists cf a first scraiccndtctcr dcuc 
e Each as a standard discrete peser MOSFET t:r ether KOS gated peser devi 
ce. The second J traicoodictor die cenpriscs a secend scajicoodictor deric 
e abici a £ sg n;aj be a peset MOSFET or other MOS galea poser device which 

las temperature tenser; aid Icjic circuits iilegraled therein and is ran 
ch smalic; tian tit first dtn'ce. A first thermal see eoi is arranged on 

tie s e c c rj d die adjacent tc the setcni seniciiEdacicr dc?ice- aei 3 seton 
li thermal seasor is arranged cn the secend die distant from tie setcni i 
cmxcoDrJoclor derice. One cf the epp-ssing surfaces of each cf the first 
and secciid seni tendottc-r die irt disposed ires* aid art is therrtal ccntac 
t with the caio pad area. At leas; the lirsi die is aisc in tlecsrical 
ccutrac! fit I tie rta i n pad area. The fits! arid second die are lateral If 

spaces' free each ether. The eppnsite striates cf the firs! and second 
die art clcctritally connected tc respectirt pins is tc!] as tc each Dili 
cr scch that the ' sesnccadac t o r devices ate cennecttd in parallel. 

In acccrdance vith tits ernbediseat, the smaller MOSFST series af a t 
empcratsrc stnsinfj MOSFET and i? cisnGeettd in parallel it the snaia pc*(r 

MOSFET. A first thermal tenter is artaiged either within cr in elsse p 
roiinitj tt the scisiig MOSFET to determine the temper a It i c cf the strut 
nj MOSFET. A scccid lecptratire secscr is arranged on the control aid t 
emperatire sensing die at a rtiscte position siih respect to the tensptnt 
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urt stosini HOSFKT cells so that the Itmptfiure of tk lead I raise can b 
t aeasud- Tk ratio of tit poser diss ipatetf by the 1 c rape r a I u r e scasio 
g MOSFET to tlit cf tk power MOSFF.T is lnowe, aed frttr this ratio sod i 
k neasjred t etepe more s . the tempcutpre of the pc*er MOSFET is ikieini 
oed . 

Tic teaperaNit s e a s t r e may be cs-jipiisci cf celtiple identical scesc 
i elements. Etch as scr i t s -ccoocc ted poiFSiliccn dic-des. tt sirepiif; tk 
ilc le rioi o a t ios of l fee raca stired false. 

Ii accordance with another aspect of I tit infection, the temperature 
cf ibe first seei ccndECi c r defice cf Lie package is d c t c mi n c i i I cm toe 
tcupciaiere raises nieasaied bj the lifSt jni secood tkrnal sectors. 

Tk aorcl Invent i«n is a forn cf a nc* = tie isa 1 nsi r t c r a circuit whic 
h ii repack J silk a standard discrete poser MOSFET chip. 

Thai £ . a logic ttif, thich can be aade citb a 10 mask process ccsircl 
S a 4 Bask discrete chip which mas k cf tte type shown ia U.S. Pateai 5 
.795.793. The problem seized sriscs because the lejic chip and discrete 
FET bare z different Sgj^ J area (lei example. 200 mW ton 2 for tit icgi 
t clip aad I GO m\V anr kr the discrete FET). A basic ccacept cf the i ev 
tniiea is to piodtce aa cctpti signal related to tbt maio FET tempeiatsr 
e CTp£j> of the folksing km; 

T FEr . 'K * 0.2] CTsbsse ~ W * T TAB « Ult 

R = a techr,clog; factor 'tie ratio of Kj^j x area cf the 

! differeat tccho c I c g i e s) . The added 0.2 factor 
adjusts ftr lateral icmpcuNre differences in the 
kgic die. In the ciamplc giica K is 2.D- 
T SENSE = temperature predated bv a smll MOSFET is the Ionic 

die. generating tk 1'ctfic die temper at a re . 
Tj^g » the temperature cf tic coiaoo Sipfort cf the tut die. 
Osce Tpjrr reacki 15DEC U> sense other pjedeLertniacd tcmfetaui t} , i 
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le FET is t*rscd on. 

Other f e a 1 5 r and aiyaBtagct ci lit i ovcs t i ce 1! becone appircit 
flea tbe follovuig description ci the intention which refers to she accc 
Epaiji E S drjwings. 

DETAILED DESCXf PTION OF THE INVENTION 

The present invention ptcrides for a aattl semiconductor device and 
hybrid device package in vii i els a pc*cr MOSFET die is tcpachi cd with a 
ccn 1 1 C I and protection circuit die that includes a Scciilcr, temperature 
scEiicg MOSFET. The device packige is typically T0220 device package, t 
hcujb any ether ievtce paciages tan be tiscd. 

Re f c r r i a g first to Fienre 1. there is skewn a cod t cb t i csa 1 strfjee m 
lUBUd TO220 pa ctage U itlistrated in a scbcaiztic c o t a * a t side vie*. A 
bottom smSacc tf a semi ccidette I die LS, Sock as a MOS faled pc?er sem 
icendnctor device, is soldered, fined cr ctbcririsc attacbed to a acta I i 
cad franc pad 14 ti tbe psct age . Tbe pad H provides l he rail 1 contact si 
tb tbe device IE and may provide an electrical connection tc tbe device- 
An upper terminal, tor example, a soiree electrode, c! tbe device IS i 
E connected to one or acre of the lead frame t e ret i ej 1 5 12 by wi i c bond 1 
6. Another of the lead franc terminal; sich as ttc gale terminal (act s 
een in Figite l) is connected bv a do I he r flu bond (not shore). Tbe dei 
ice IS aad a portion of tbe lead ternriials 13 a c d plate 11 are ciuapsula 
led in a paclajt body, typical!} formed cf resin, 

Fifcres. 2 »sd 3 shew i pevrtr MOSFET die mi a Icjic and protective c 
ircoit die internally mensted c« > teamen bcidiig pad » i c a cf a lead fra 
mc . 

Sefcmns next tc Fsgires 1 and 3, there arc sfeo*n, in schematic fas 
biens, i lead frame baving tic lead frame paddle 14 vitfcio tie insilatic 
n kctdng 10, Tbe piddle 14 bas ai integral cutpal drain leid U, i he s 
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ctice lead 12 and i s pu t control lead 21, ill g( *bicb penetrate tic i n E i 
latitt leasing 10 to be accessible I e r c o n n c c t i ( u in a 3 pin geometry. 
h fosu MOSFE? iit 25 is fixed tc the pad U a; br ssNcrinp.. 

HOSFET die 25 )S i standard vertical coaicct i or. discrete pc*«f HOSFE 
T dit Etch as lie die slcsn it U.S. Patent 5,0BS,?25. Its bottom drain 
electrode is soldered or c t h c r tf i s i r 1 tc ir i ca 1 1 f and the /ma 1 1 y ccobcc led 
tc pai H by solder layer 26 (Figure 3}. Die 25 can bt any ether type t 
f HO S GATED device. Kaitiactured in a process silh £ rcdiced siinber of m 
sis. as compared to tie namber of mask steps needed tu mandactire a die 
wiil logic circuit eJcaeats. Typitilij. dit 25 can fj a t e a viofh of 17 0 
mil and i length of \ZS nil, aid caD be a bci I 250 microns tlicl with an 
on resistance of 10 uilficbiu and a hiccfcsnj roltage ol abett 50 noits. 
Die 25 a 1 £ c b a s i top soiree electrode 21 and a jstc elcctrcdt 25, 

lis the past, thernal s * c s i ng logical circuits lafc beet integrated i 
nt e die 25 fcr tcnperatire raeisireaerii purposes. This luacve; stibstaoti 
ally ccnflicates tie raasofactire cl tie sain power die 2b. reqeiriig nan 
x additional raaapfaciiring steps and increases its cost. 

Ii accordance sith cue aspect cf the t a ? c d t ion. a aiscb smaller aeiil 
iary MD5FET cr logic dit 30 (scute t Iraes termed a FET or legic HOSFET) is 
eciaccted in parallel with main FET 25 and coitains tbc scceisarj integr 
ated Scmpcratore luoiterinr; cirtiitrf aad ciber coctrol circcitry needed 
It mceturc temperature and perform responsive control o! the nsainMGSFF, 
T 25, Tie logic die 30 has a micft smaller area lltss t ha e one -ha if) tha 
c the main die 25. It contains a bcitca drain electrode which is (laed 
io conductive pad H as by a conducts eposy cement, and a uaia source 
tleetrcdt 31. Die 30 can bvt as area of 35 mils by 3 00 raiis and i thic 
fcness of abent 400 micrccs. The pe»er scctict al die 30 nay ersplOF the 
saitte jcotsctrv as Hat of naia die 25. ilcscter. logic die vill line a Io 
gic regicn 33 integrated tlertin as eril! bt later described rtitii Figures 
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i, 5 aid 6. 

The source 27 cf MOSFET 25 is connected to tit source 3! of logic di 
c on FET 30 by a ffild Seine botd ffiie 40 a c d tie gate tltc'ttcde i I ci d 
it 30 is cemeclci to gate 28 of MQ S FET 25 br geld bend wire 42. 

A leu in in hotd Tires 13 ccaatct sccrce 21 to sctrcc icid 12 and tit i 
a p e t lead ! 1 is comecttd tc the i o p a t tc the ittegraled circuit 33 in it 
ie 25 bj bond aire 44. 

TtDS, ii fill it seen that the nain JiOSFET 55 and legit JtOSFET 30 ar 
e cearscctcd s c para L 1 e 1 aad that the gate 28 cf MO S FET 25 is cmrclltd 
in response tc the ottpii. cf the iotegraied circait 33. 

Tins, in accordance with a first feature ol the invention, the icmpc 
fattrt ma tarcnjcol process can be carried cot in the scalier logic IfOSFF, 
T 30 ¥feicft beats rtsgblj proportionally to the larallel cccuccttd ma 3 a M 
0SFET 25 sc that the esaio MOSFET 25 can be turned off shen a target tenp 
cratsic is sacascrcd . 

Rdson x Area for Die 30 ^ 
Rdson x Area for Die 25 

it has bees fond that the logic MOSFET 38 fill heat lc oil? ibcal E 
Q% cf the teaperatire ol the main 1 a f c r MOSFET 25 dependant, in pari of 
the processes nsed tc sake the JlOSFETs . Thss. the quantity ci the perfe- 
ct cf Kpjgj, i die area for an? MflSFEF is dtpeadtnt oa its m a i f a c t n r i Bg 
process, The quantity Ky S0 ^ x area fcr the process s s e d tc naie HOSFET 
die 25 (for example, the process described in U.S. Patent i, 755. (93 is 1 
00 rf tin 2 while that fcr process used to nake the logic MOSFET 30 (the S 
IV process) is 200 nl¥ nns 2 . Tfi e s : 

la atctidince sith a f e r t h e f ftatarc el ifce i n t t a 1 1 c c T the iseasared 
leaptratire oi die 31) at the location cf 1C 33 (h c r e i oa f t c r the temperat 
»rt TjEjisgJ is adjastcd sech that the tercperalorc it the copper tab H ( 
ficrciaafter TfjiB' ' E !s ' jtc! * iC x ' at tempera tuic of the top cf the aais M 
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OSFET 25 (feere E na f l* r T SE j) SE ) by t he re!»t ion: 

T FET • 2 - z %}!5£ " T TAE' ~ T TA1) 
The lcfE = 2.2" Is a tcchncJogf factor ii which the *6c*c derived f ai 
io tf 2 is iocrciscd to adjust for tit anas i red reduction by 80S tjf tic 
logic die compared lo ike oa i a die. This difference is beiiefcd doc to 
Ihe diffeicace ii taleral leroperatare gradient io tic two die. 

P i g c i c 1 is a circuit d i a g ram cf the lFt HOSFEFs 25 and 30, nitb tit 
istegialtd ciictit 33 cf MOSFET 38 shewe it the dcttcd line Hock 33. 
Tbc main poser MOSFET die 25 bs the extcrmi teisstiats 12 and 215, shewn 
in figBte 2 and gate electrode 2S. The drain electrode SO c( KOSFET 3D 
is connected, tbroogb stbstrate H in Fixate 3, tc the drain 20 of HOSP 
ET 25; and secret 31 ol logic MOSFET 3(1 is connected to seiice 12 5 1 MQS 
FET 25. The gate electrodes 28 acd 41 arc also coatee t e i together. 

Tit inpst signal io centre! tern i ea 1 21 is ccnatcted It cac tcmiial 
cf driver 52 ana is protected hj Zen e r eicie 51. The cutpnt cf driver 
52 is cennected tc gate terminal U mi to the fates cf enrrcot sense ce 
lis. 53 which are in a curtesit mirror circuit ifiti the rsaio b c d > cf the d 
et'ice cells 51. The cstpet V' SE jj S j is then coupled to i coirent c ompar a L 
or 65 oiiicb predates an sctptit to integrated logic circuit 61 which will 
del i f e i an 'off signal to driver 52 if the ateasmed currest exceeds so 
Eie pitdtterniscrj value, tbss slutting off the MGSFETs 25 and 30. 

The lesperaiirc seosci cirtnit, sbich arts as a Mrm (if ° t emper a tor e 
mirrir* has L*o tcaperaitre sources; Tj^g 10. ¥licb is the t cap e r a I b i c 
cf pad 14 , mi *fl, =h Uh is the t emprra i s rf cf (be top cf MOSFET 

die 35. This tcnpcraUrt can be rmSiier! as bj ptliSLliccc dicdes vfeich 
are stowi in Fipre 6. Tbesc twe temperature signals are applied tc io 
ttgrattd circuit 73 «aicb perform; tbt ea I ci ! a t ion of Tj ET {cf MOSFET 15 
) f r cd the reljtics previously described of: 



(27)12001 15655<P2001 - ] 5 6JL 



T FET - lA (V SR)iSE " T TA5p T T1B 
Ibis racist red taint is Iheti compared tc a g I v t n 1 1 1 g g « i Knptial t r t , fqr 
ciampie 1 5 0 EC and produces as citttt tc logic circsil Si In that ccndit 
iei, tfssi lottisg cff both MOSFETs 2b and 30. 

Figarc 5 stows a tenperatsre ferifcr circuit Jor prodcchg t fa c pictte 
nptiattrc signal from circiif 73. This, in Figarc 5, dicdes 52 and 54 a 
tc polfsi! icos diodes located reactelj or far Item MOSFET 50 and bd tic 
tal> 14. These dicdes arc ccaiecled is series sith enirtit source S3. T 
heir fofffaid ToitaEc drop is related so (he tab 1 cuipeia t ire . 

Diodes S6. SS and 99 are i!sc pclisiliccu diodes atop the siriiCE ol 
region i) of MOSFET 30 and insulated tbereircn (Figure 6) and are cccnt 
cttd in sci I c £ viih orreot scarce S5. Tfec oitpit cf each string is ecu 
netted U (lie terminals cf opt ra t i oca I amplifier 92. the output cf sbicb 
is related tc the tenperaUrt difference ^SE^i S E " T T5B^ * ' s ^ CB 

flitter processed id ciiciit 12 tc ccnplctc the cafes 1st ion tf Tpjrj-, 
Although the present 1 1 v e * t i c o bat beet described in rclatiti to par 
iicslir cmfa c d i etc a t s tlerecf, hbdJ ether rariaticss ant" nc d i f i ca t i c-n £ and 
otbe; bscs will btcone apparent tc ticse = 3c i 1 led in i be art. It is pre 
f erred, therefore, teat the present mention be limited cot hy the spec 
ific disclosure hereii, but CBly bj tie appended claims. 
4 .Brief Description cf lie Dmuies 

Tbc itreutiec *ill u* be described in neater detail is the follcsri 
eg detailed description »tti re fere aces tc the drafriitfs Id which: 

Figsrt 1 is a schematic stcticsal vies cf a ecoTeiticnal TO 2 2 0 dciic 
e package in fijie.li the nail aod logic die of the i arett i on- may he ncnite 
d. 

F i g d r e 2 is a Sc&enta 1 i c cst-atfit top' view c! j lead frame hating a p 
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use i HGSFET tlit tod a lojic die f as teotd thticto is accotdaicc with an c 
nfeod inest 0 1 lie invention iti wcici; can be bctscd is t!it picfcage cf Fig 
ere I. 

Figure 3 is a crcss-Sectiosai viesc cf the lead hasc mi uro ie aLc on 
djciOf die c f Figure 2. 

Fifore 4 is a schematic diajjraaj sbewi tg the eiiciilif cctiiiaed in t 
ht die of Figom 2 sad 3. 

Fi(nie 5 is 1 ctrciit diagran slGffiiii! a 1 y £ i i 1 c c n diode iapleaenta 
Hoc f 0 r lilt ItEpcri tire senders t! the legit die cf Figure 5. 

Fi{ore 6 is 1 perspective rier sie-fiaf a tjpieal a ) rangerse m cf the 
itmperatcre seasisg polyjtlitca diodes cf Figure 5 witiiiu tbt MOSFET of 
tie logic die- 
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i , Abstract 

h ptsirer MOSFET die and i logic sod protect-ica ciutit die are uoimc 
i ot j ccroncn lead franc pad, s n c b is a T02J0 i c a <3 bane pad. The logic 
and protection n'rtiil die iiciidcs i MOSFET that is cootet ted it pnil 
Id with the po*er MOSFET bit shich is smaller t it a a the poser MOSFET and 
which dissipates ptser it a prcdcttraintd bactioa of that of the pcsti 
MOSFET. The lojic and prelection circuit die aS$c includes a tcraperatu 
ic Sensor that is is ilcse prciirait) tc the MOSFET and determioeE the tc 
mpeiatore of the J10SFET, The die also includes another temperatore Etas 
or that is located distant f rem the MOSFET tc dclciaiac the teropeTattrt 
el the lead franc The teopcrjtire oS the pc*ci MOSFET can he determine 

1 froD the tenpeiatnc measared br ihesc tsc scisns aid f r cm the ratio 
ui the poircr dissipated bv the tic MOSFETs . 

2 . Kcprtsestal be Drawings 

FIG. 2 



